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Abstract: 
Objective: The objective of this study was to compare the tensile bond strength 
of metal brackets bonding to glazed ceramic surfaces using three various surface 
treatments.  
Materials and Methods: Forty two glazed ceramic disks were assigned to three 
groups. In the first and second groups the specimens were etched with 9.5% hy-
drofluoric acid (HFA). Subsequently in first group, ceramic primer and adhesive 
were applied, but in second group a bonding agent alone was used. In third group, 
specimens were treated with 35% phosphoric acid followed by ceramic primer 
and adhesive application. Brackets were bonded with light cure composites. The 
specimens were stored in distilled water in the room temperature for 24 hours and 
thermocycled 500 times between 5°C and 55°C. The universal testing machine 
was used to test the tensile bond strength and the adhesive remenant index scores 
between  three  groups  was  evaluated.  The  data  were  subjected  to  one-way 
ANOVA, Tukey and Kruskal-Wallis tests respectively.  
Results: The tensile bond strength was 3.69±0.52 MPa forfirst group, 2.69±0.91 
MPa for second group and 3.60±0.41 MPa for third group. Group II specimens 
showed tensile strength values significantly different from other groups (P<0.01).  
Conclusion: In spite of limitations in laboratory studies it may be concluded that  
in application of Scotch bond multipurpose plus adhesive, phosphoric acid can be 
used instead of HFA for bonding brackets to the glazed ceramic restorations with 
enough tensile bond strength.  
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INTRODUCTION 
Ceramic  is  a  common  restorative  material  in 
dentistry being available in different forms of 
veneers,  crown  jackets,  crown  and  ceramic 
bridges. These are used to repair severely de-
structed teeth or to replace lost teeth in order to 
restore dental health and esthetics, particularly 
in adult patients. Different types of  ceramics 
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varying  greatly  in  the  chemical  composition, 
method of manufacture and physical properties 
have been developed.  
The  demands  for  orthodontic  treatment  in 
adults  have  been  considerably  increased  to-
gether with the increase of patients’ knowledge 
and change in the modern life style [1, 2]. As a 
result,  orthodontists  may  attach  orthodontic 
attachments  or  fixed  retainers  to  teeth  using 
ceramic  restorations  such  as  crowns  or  ve-
neers. As ceramic is an inert material, it does 
not adhere chemically to any of the currently 
available bonding resins [3]. Therefore, ceram-
ic surfaces preparation is an essential step prior 
to the bonding process. Numerous approches 
have been suggested in this regard [4-10]. As 
glazed  ceramic  surfaces  are  not  amenable  to 
resin  penetration  during  orthodontic  bonding 
[4]  mechanical  or  chemical  pre-treatment  of 
the  surface  is  crucial  for  successful  direct 
bonding.  However,  as  the  conventional  acid-
etching  technique  is  not  effective  in  pre-
treatment of non- enamel surfaces [Smith et al. 
,  1988],  four  types  of  surface-conditioning 
techniques  have  been  commonly  used:  using 
diamond drills or sandpaper discs in order to 
roughen the porcelain surface, sandblasting via 
aluminum  oxide  particles,  chemical  methods 
using  hydrofluoric  acid  or  acidulated  phos-
phate fluoride and utilizaion of silanes which 
increase the wettability of the porcelain surface  
by providing chemical links between porcelain 
and the composite [11]. 
Most bonding techniques to ceramics are asso-
ciated  with  the  potential  risk  for  the  crown, 
veneer or hazards to oral tissues due to the use 
of hydrofluoric acid (HFA) which is the con-
ventional accepted surface treatment of ceram-
ic. Hydrofluoric acid to etch porcelain surface 
is a potential risk for oral tissue health [12]. 
The  conventional  ceramics  surface  treatment 
methods for increasing retention of orthodontic 
attachments have not provide optimal quality 
[13-14]. Glazing layer plays an important role 
in  ceramic  resistance  as  its  resistance  and 
strength  possibly  reduce  to  half  values  after 
removing this layer [15]. Scotch bond multi-
purpose plus adhesive  (3M Unitek, Monovo-
ria, CA) is a newly developed bonding system 
that provide phosphoric acid instead of HF for 
surface preparation before bonding. Increasing 
demands  of  adults  for  orthodontic  treatment 
and contaversy of the results in efficient me-
thods of bonding to porcelain  required more 
investigations.  
Moreover  some  of  the  studies  reported  that 
HFA can be substituted by phosphoric acid in 
non-glazed porcelain bonding procedures [16]. 
The aim of this study was to evaluate tensile 
bond strength of metal brackets bonded to the 
glazed  ceramic  surfaces  using  three  different 
surfaces conditionings. 
 
MATERIALS AND METHODS 
Forty-  two  glazed  ceramic  disks  (10  mm  in 
diameter and 2 mm in width) were fabricated 
using  Feldespatic  porcelain  (Noritake  super 
porcelain  EX-3,  Noritake  Co.,  Inc.,  Nagoya, 
Japan). The disks were examined to be free of 
cracks  and  defects.  They  were  washed  with 
water  and  then  randomly  assigned  into  three 
groups, each containing 14 specimens.   
In the first  group, the surfaces of the  glazed 
ceramics were etched with 9.5% HFA (Ultra-
dent,  USA)  for  2  minutes,  rinsed  with  water 
and dried with oil-free air. Then, a silane layer 
(Scotch bond ceramic primer, 3M, USA) was 
applied on the ceramic surfaces and dried with 
air flow.  
Scotch bond multipurpose adhesive layer (3M, 
USA) was applied on the ceramic surface af-
terwards,  thinned  using  gentle  air  flow  and 
cured  with  a  light  curing  device  for  10 
seconds. Metal brackets of the maxillary cen-
tral  incisors  (Dynalock,  Standard  Edgewise 
0.18,  3M-Unitek,  USA)  were  bonded  to  the 
surface of treated ceramics followed by plac-
ing the composite on the surface beyond. 
The brackets were compressed to the ceramic 
surface by 250 gm force applied from a gauge. 
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The composite excess were removed from the 
bracket  periphery  and  light  cured  for  40 
seconds (10 seconds from each side) and light 
guide were placed against tooth surface at an 
angle of 45 with an output of  500 mW/cm
2 for 
polymerization of the composite.        
In the second group, the glazed ceramics were 
exposed by 9.5% HFA for 2 minutes, washed 
by water spray for 20 second and dried using 
gentle  air  flow.  Then  an  unfilled  resin  layer 
(3M Unitek) was used on the ceramic surface, 
thinned with gentle air stream and light cured 
for 10 seconds. The bracket bonding and other 
procedures  were  performed  similar  to  first 
group.   
In third group, 35% phosphoric acid was used 
for surface treatment of the ceramic surfaces 
for 15 seconds as recommended by the Scotch 
bond multipurpose plus adhesive (3M Unitek, 
Monovoria, CA) brochure. The surfaces were 
washed  with  water  and  dried  by  gentle  air 
flow.  A  layer  of  adhesion  promotor,  Scotch 
bond ceramic primer (3M Unitek, Monorovia. 
CA) was applied on the ceramic surfaces and 
dried gently. 
Afterwards,  Scotch  bond  multipurpose  adhe-
sive was utilized on the surface, thinned   by 
gentle air flow and light cured for 10 seconds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The  bracket  bonding  and  other  procedures 
were performed similar to the first group. Fol-
lowing  the  bonding  process,  the  specimens 
were stored in distilled water in room tempera-
ture for 24 hours and then subjected to thermo-
cycling procedure for 500 times in a bath be-
tween 5°C and 55 °C. The dwelling time in the 
bath was 60 seconds while the specimens were 
transferred between two bathes in 8 seconds. 
All  samples  were  transferred  to  a  specimen 
prepared as described previously [16] and sub-
sequently  embedded  in  acrylic  resin  (Fig  1). 
Zwick universal testing machine (Z/100, Ger-
many) was used to determine the tensile bond 
strength of the ceramic specimens in different 
groups.  For  this  purpose,  acrylic  specimens 
were positioned in the lower part of the device 
and a steel wire which was connected to the 
upper  part  of  the  device  was  placed  beneath 
the bracket wings (Fig 2). The device was ca-
librated to apply tensile force with 0.5 mm/min 
crosshead speed on the brackets until debond-
ing occurred. Tensile bond strength was calcu-
lated by Newton being  converted into mega-
pascal  (MPa)  by  dividing  the  force  to  the 
bracket base area (mm
2) (MPa=N/mm
2).  
The bracket base area was 16.52 mm
2 as in-
formed by the manufacturer.     
   
Fig 1. Specimens were mounted in acrylic resin in a special jig. 
 
 
Fig 2. Specimen setup for testing the tensile bond strength in a 
universal testing machine 
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After the debonding procedure, the specimen 
surfaces were analyzed for the calculation of 
Adhesive  Remnant  Index  (ARI)  under  ×2 
magnification  using  the  following  measure-
ments [17]: 
1: The entire composite remained on the ce-
ramic surface, 
2: More than 90% of the composite remained 
on the ceramic surface, 
3: More than 10% and less than 90% of the 
composite remained on the ceramic surface, 
4: Less than 10% of the composite remained 
on the ceramic surface, 
5: No composite remained on the ceramic sur-
face. 
Bond strength of the three groups was calcu-
lated. One-way analysis of variance and Tukey 
post-hoc tests were used for statistical analysis 
of  SBS.  Adhesive  remnant  index  (ARI)  was 
analyzed by the Kruskal-Wallis test.  
 
RESULTS 
One of the first group specimens, three of the 
second group specimens and two of the third 
group specimens were lost during acrylic resin 
embedment  and  calibration  of  the  debonding 
device.   
The mean tensile bond strength values of spe-
cimens of groups first,second and third  were 
3.69 MPa, 2.69 MPa and 3.6 MPa respectively. 
Descriptive indices of tensile bond strength of 
three groups were shown in Table 1.      
 
 
 
 
 
 
 
 
 
 
 
 
The one way ANOVA showed that there was a 
statistical significant difference in tensile bond 
strength between three groups . According to 
Tukey HSD test, significant differences were 
observed  between  second  (without  using 
scotch bond multipurpose bond) and the other 
groups using scotch bond multipurpose adhe-
sive (P<0.01). However, no significant differ-
ences  were  noted  between  first  and  second 
groups (P=0.937).  
Significant differences were observed regard-
ing ARI index of three different surface treat-
ment modalities (P<0.001). In first group, the 
entire composite remained on the ceramic sur-
face  on  92.3%  of  the  specimens  (ARI  in-
dex=1).  In  second  group,  no  composite  re-
mained on the ceramic surface on 45.5%  of 
the  specimens  and  in  third  group,  the  entire 
composite remained on the ceramic surface on 
91.7% of the specimens. 
 
DISCUSSION 
Conventional bond strength tests include shear 
and tensile experiments, although torsional ex-
periment  results  have  been  reported  in  some 
cases [18, 19]. Both shear and tensile tests are 
valid methods [20].  
In the shear bond strength test, complex stress 
distribution  is  developed  making  the  exact 
stress calculation impossible in the interfacial 
area;  so  failure  may  occur  due  to  the  higher 
concentrations of local stresses.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Surface condition  N  Mean (MPa)  Standard 
Deviation 
Min. (MPa)  Max. (MPa) 
I 
II 
III 
13 
11 
12 
3.69 
2.69 
3.60 
0.52 
0.91 
0.41 
2.53 
1.26 
2.98 
4.59 
4.04 
4.26 
 
Table 1. Tensile Bond Strength of Tested Specimens 
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Therefore, shaer bond stress test is not able to 
show the accurate characteristics of the adhe-
sive  in  the  surface/interface  areas  [19].  The 
tensile bond strength test provides a specimen 
design with a more unified stress distribution 
across the interface area [21].  
In the present study, long thin wires were used 
beneath the bracket wings for the calculation 
of  tensile  forces.  This  modification  was  rec-
ommended  by  Katone  and  Chen  [22].  As 
stated by Newman  [23] 14 kg/cm
2 (≈1.5 MPa) 
is the maximum load which may be entered by 
an orthodontic appliance to a human tooth. The 
tensile bond strength of three surface treatment 
modalities in the present study was much more 
than this value.  
In  a  laboratory  study,  Olsen.  [24]  assessed 
shear  bond  strength  of  metal  brackets  to  the 
tooth surfaces using scotch bond multipurpose 
adhesive  together  with  37%  phosphoric  acid 
and  10%  maleic  acid.  They  calculated 
13.1±4.8 MPa and 10.3±3.1 MPa shear bond 
strength  to  the  tooth  surface  for  phosphoric 
acid and maleic acid conditioning respectively. 
Thermocycling  of  specimens  before  assess-
ment of bonding strength and the type of bond-
ing strength test can be justified the differences 
with  our  results.  Furthermore,  it  has  been 
shown  that  shear  bond  strength  results  are 
higher than tensile bond strength values in or-
thodontic bonding [18, 25, 26]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thurmond  et  al  [27]  demonstrated  a  higher 
shear bond strength following HFA and silane 
application compared to phosphoric acid and-
ceramic primer use after 24 hours or 3 months 
storage of the specimens in water.  
However,  some  studies  suggested  that  HFA 
surface  conditioned  cannot  increase  bond 
strength [28]. In addition, Aida et al [29] con-
cluded that acid etching procedure with HFA 
could be replaced with phosphoric acid in ad-
dition with using an appropriate silane. Kussa-
no et al [30] demonstrated no significant dif-
ferences between phosphoric acid application 
or  HFA  etching  plus  silane  regarding  bond 
strength.  The  present  study  showed  similar 
tensile  bond  strength  values  following  phos-
phoric  acid  or  HFA  etching  in  the  first  and 
third groups. Major et al [31] concluded most 
failures occur on the ceramic- adhesive inter-
faces in the cases of lower bond strength while 
together with the increased bond strength, fail-
ure sites tend to occur at the bracket/adhesive 
interface or cohesive within the composite re-
sin. As shown by the present study, 100% of 
first group and 91.7% of third group specimens 
had more than 90% composite resin remaining 
on the ceramic surface. But in second  group 
with  lower  bond  strength  values  than  other 
groups, 54.6% of the specimens had less than 
10% composite resin remaining on the ceramic 
surface.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Group 
ARI 
Total 
1  2  3  4  5 
I 
Count 
% Within Group 
12 
92.3% 
1 
7.7% 
0 
0% 
0 
0% 
0 
0% 
13 
100% 
II 
Count 
% Within Group 
2 
18.2% 
0 
0% 
3 
27.3% 
1 
9.1% 
5 
45.5% 
11 
100% 
III 
Count 
% Within Group 
11 
91.7% 
1 
8.3% 
0 
0% 
0 
0% 
0 
0% 
12 
100% 
 
Table 2. Adhesive Remnant Index (ARI) Scores for the Groups 
205 Journal of Dentistry, Tehran University of Medical Sciences   Akhoundi et. al 
  2011; Vol. 8, No. 4  6 
The tensile bond strength to the ceramic sur-
face demonstrated by Cochran et al [32], Ko-
cadereli  et  al  [33]  and  Harari  et  al  [34]  are 
higher than our results despite using a similar 
methodology to ours. The differences may be 
justified  regarding  specimen  thermocycling 
which  was  not  done  by  these  researchers. 
Thermocycling is a laboratory prosses that si-
mulate  thermal  conditions  of  the  oral  cavity 
and seems to have a significant effect on bond 
strength  values  [35].  Although  in  vitro  bond 
strength studies are useful to provide informa-
tion about new adhesive materials and bonding 
techniques, in vitro bond strength data should 
be interpreted with caution [3]. An important 
negative aspect of in vitro bond strength stu-
dies is that complete simulation of oral envi-
ronment including temperature, humidity, PH, 
forces and microbial flora is almost impossi-
ble. Another comparison made between tensile 
bond  strength  of  the  glazed  and  non-glazed 
ceramics  showed  no  significant  differences 
between similar groups [16] which was similar 
to the findings of  Eustaquio et al [36], Zelos et 
al [26], Kocadereli et al [33] and Sant’ Anna et 
al  [37].  However,  Barbosa  et  al  [7]  and 
Schmage et al [10] recommended removal of 
the glazed layer necessary for obtaining ade-
quate bond strength. 
 
CONCLUSION 
In spite of limitations in laboratory studies it 
may  be  concluded  that    in  application  of 
Scotch  bond  multipurpose  plus  adhesive, 
phosphoric acid can be used instead of HFA 
for bonding brackets to the glazed ceramic res-
torations with enough tensile bond strength.  
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